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ABSTRACT
The Swift burst GRB 110205A was a very bright burst visible in the Northern hemisphere.
GRB 110205A was intrinsically long and very energetic and it occurred in a low-density interstel-
lar medium environment, leading to delayed afterglow emission and a clear temporal separation
of the main emitting components: prompt emission, reverse shock, and forward shock. Our
observations show several remarkable features of GRB 110205A : the detection of prompt op-
tical emission strongly correlated with the BAT light curve, with no temporal lag between the
two ; the absence of correlation of the X-ray emission compared to the optical and high energy
gamma-ray ones during the prompt phase ; and a large optical re-brightening after the end of
the prompt phase, that we interpret as a signature of the reverse shock. Beyond the pedagogical
value offered by the excellent multi-wavelength coverage of a GRB with temporally separated
radiating components, we discuss several questions raised by our observations: the nature of the
prompt optical emission and the spectral evolution of the prompt emission at high-energies (from
0.5 keV to 150 keV) ; the origin of an X-ray flare at the beginning of the forward shock; and the
modeling of the afterglow, including the reverse shock, in the framework of the classical fireball
model.
1Based in part of observations made at the Observatoire
de Haute Provence (CNRS), France
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1. Introduction
Gamma-ray bursts (GRBs), discovered in
the late 1960’s (Klebesadel et al. 1973), are the
most powerful explosions in the Universe ever
since the Big Bang (see e.g. Me´sza´ros 2006;
Vedrenne & Atteia 2009, for reviews). For about
three decades, their exact nature remained elu-
sive. It is only in 1997, due to the efforts to pro-
vide a fast re-pointing of the BeppoSAX satellite
that observational clues helped to fix their nature
(e.g. Costa et al. 1997; van Paradijs et al. 1997).
Long GRBs are now thought to be the signature of
transient jets from rapidly accreting stellar mass
black holes born after the collapse of a massive
star in a hypernova (Me´sza´ros 2006).
Since the mid-90, the fireball model (Rees & Me´sza´ros
1992; Me´sza´ros & Rees 1997; Panaitescu et al.
1998) has emerged to explain the GRB phe-
nomenon. This model is based on the ejection
of a relativistic fireball/jet during black hole for-
mation, it explains the observed emission by en-
ergy dissipation within the fireball (or jet) and
when the fireball interacts with the surrounding
medium. Observationally, the GRB phenomenon
can be divided into various phases. The emis-
sion starts with the prompt GRB lasting few to
several seconds, which is usually detected at high
energies. It is followed by the afterglow, which
can be observed at all wavelengths. A consen-
sus exists to attribute the prompt GRB to the
internal emission from the jet at distances ∼ 108
km from the source, and the afterglow to the for-
ward shock emission at distances ∼ 1012 km from
the source (see the review of Me´sza´ros 2006, for
more details). One difficulty faced by observers
for the interpretation of GRB observations is that
the prompt and afterglow emissions are often su-
perimposed in time. While the emission regions of
the prompt and of the afterglow are well separated
spatially, the relativistic jet travels at the speed of
light, and the photons from internal shocks leave
the forward region more or less at the same time
as the photons from the forward shock.
The main instruments to observe the afterglow
quickly are robotic telescopes, that can start ob-
servations within seconds of an alert, and the
XRT and UVOT onboard Swift (Castro-Tirado
2010; Klotz et al. 2008b). This race toward fast
re-pointing has allowed various observations of
the prompt optical emission by small autonomous
telescopes for several GRBs (e.g. Akerlof et al.
1999; Vestrand et al. 2006; Racusin et al. 2008;
Klotz et al. 2009a; Tho¨ne et al. 2010). Two gen-
eral trends have been seen: either a bright opti-
cal emission, uncorrelated to the gamma-ray light
curve (for 5 to 20% of GRBs according to the
review of Klotz et al. 2009a), or a faint optical
emission correlated with the gamma-ray emission
(e.g. GRB 050820A, Vestrand et al. 2006; or
GRB 081126, Klotz et al. 2009b).
In this work, we present a successful observ-
ing campaign of GRB 110205A (T0 = 02:02:41
UT, Beardmore et al. 2011) with facilities ranging
from 0.2 to 1.0 meter diameter. The long dura-
tion of the gamma–ray emission (T90 = 257±25 s,
Markwardt et al. 2011) favored early optical ob-
servations during the prompt phase. Moreover,
the high declination (+67 degrees) means that
the field of the GRB is circumpolar for north-
ern observatories. As a consequence, the op-
tical follow-up of GRB 110205A is exceptional.
The spectroscopic redshift of GRB 110205A is z
= 2.22 (da Silva et al. 2011; Cenko et al. 2011;
Vreeswijk et al. 2011). The isotropic equiva-
lent energy radiated by GRB 110205A during
the prompt phase is Eiso= 4.3 ± 0.4 10
53 erg
(Sakamoto et al. 2011; Golenetskii et al. 2011),
and the isotropic equivalent luminosity is Liso=
2± 0.3 1052 erg (Golenetskii et al. 2011).
The paper is organized as follows. In Sec. 2,
we present the data we used. The data reduc-
tion procedures and our analysis are explained in
Sec. 3. We discuss the prompt phase in Section
4. In the second part of the paper, Sections 5 and
6, we discuss the interpretation of the afterglow
observations, starting with the late observations
and going back in time: first, we discuss the late
afterglow, where the explanation has no doubts,
and use this modeling to go back in time and con-
strain the early components: the early afterglow
(at X-ray and optical wavelengths), and the re-
verse shock (at optical wavelengths). We finally
conclude in Sec. 7.
Within all this paper, except when indicated,
all errors are at the 90% confidence level, all fits
are done with the χ2ν statistic using Gaussian dis-
tributions, all quantities are expressed in the ob-
server frame, and we use a standard lambda-CDM
cosmological model (flat Universe, ΩΛ = 0.77)
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when needed.
2. Observations
2.1. Optical data
TAROT Calern observations TAROTCalern
(Klotz et al. 2008a) responded promptly to the
GCN notice. The first 60 sec. image was trailed
using a sampling of 6 sec/pixel. It was obtained in
the period from 91.2 to 151.2 s after the trigger.
Then, five 30 s images were obtained. A clear
filter was used (hereafter C filter). No image was
acquired between 378 and 678 s due to a problem
of synchronization of the robotic scheduler. Then,
long series of 90s to 180s images were obtained
up until 13 300 s after the trigger. One third of
images was obtained using R filter and the others
with the C filter. The TAROT Calern light curve
was photometrically calibrated using the R data
obtained simultaneously with the T80-OHP and
T50-Banon. Because the comparison of optical
data and gamma–ray flux is important, a GPS
card allow a date accuracy better than 0.1s.
T50-Banon observations Images of 180 sec
were obtained with the T50-Banon telescope
(D=0.50 m, F=1.50 m) of the Observatoire de
Chante-Perdrix at Banon, France, through VR
filters. The primary focus was equipped with an
Sbig STL-11000 (CCD Kodak KAI-11000M front
illuminated) and Sbig filters. Magnitudes were
calibrated using 11 Loneos calibrated stars in the
field of view of NSV 5000. The magnitudes of
the GRB optical counterpart were derived for one
date, 10 320 s after the trigger, and calibrated
using the six stars listed in the Table 1.
T80-OHP observations The images of 120 sec
each were taken at the T80 telescope (D=0.80 m,
F=13.3 m) of the Observatoire de Haute-Provence
with an Andor 436 (CCD Marconi 47-40 back il-
luminated) and Johnson-Cousins filters mounted
at the Cassegrain focus. BVRI filters were used.
Magnitudes were calibrated using 4 Loneos stars
in the field of view of RR Boo. At the date of
the observation, the elevation of the RR Boo field
was the same as the GRB to neglect the airmass
corrections. The magnitudes of the GRB optical
counterpart were derived for 3 dates between 5040
to 8100 s after the trigger. Moreover, we derived
the magnitudes of six stars in the field of view
of the GRB (see Table 1) to calibrate images ob-
tained with the other telescopes.
T1M Pic du Midi observations Several long
term follow-up images were taken at the T1M tele-
scope (D=1.05 m, F=12.6 m) of the Observatoire
du Pic du Midi. The Nasmyth focus was equipped
with an Andor 436 (CCD Marconi 47-40 back il-
luminated). At t0+ 64 800 s, images of 300 sec
were obtained through BVRI filters. We derived
an accurate astrometric position of the GRB af-
terglow:
R.A.=10h58m31.14s
DEC=+67◦31′30.7′′ (J2000.0)
Magnitudes were calibrated using stars of the
Table 1. Late images obtained 1.74, 3.94 and 5.04
days after the trigger were recorded with C filter
and were rescaled to the R band using T1M fil-
tered earlier images. This made the T1M observa-
tions sensitive down to nearly the 26th magnitude,
allowing a strong constraint on the burst geome-
try, the jet aperture and the derived modeling of
the data (see sections 4 and 5).
Other data In Tables 2 and 3, we reported
magnitudes from French telescopes used for this
study. We completed these data with optical and
infrared data reported in Cucchiara et al. (2011),
and data from GCN circulars (Chester et al.
2011; Morgan et al. 2011; Morgan & Bloom 2011;
Myungshin et al. 2011; Schaefer et al. 2011; Hentunen et al.
2011; Volnova et al. 2011; Urata et al. 2011a,b;
Sahu & Anto 2011).
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Table 1
BVRI (Cousin) magnitudes of stars in the field of view of the optical counterpart of
GRB 110205A according the T80-OHP images.
RA (J2000) DEC(J2000) V (B-V) (V-R) (V-I)
10 58 04.8 +67 28 35 16.59 1.29 0.73 1.26
10 58 21.0 +67 29 39 15.73 0.88 0.47 0.91
10 59 02.6 +67 31 02 15.01 0.32 0.17 0.43
10 58 59.7 +67 31 11 16.04 0.81 0.43 0.84
10 58 26.1 +67 33 04 14.21 0.69 0.35 0.70
10 58 25.0 +67 33 18 15.19 0.79 0.41 0.86
Table 2
Non-R data
Tstart Tend Filter Magnitude Error Reference
(sec) (sec)
5045 6141 B 17.68 0.04 OHP
5045 6141 V 17.51 0.03 OHP
5045 6141 I 16.55 0.04 OHP
6563 7173 B 18.08 0.05 OHP
6563 7173 V 17.62 0.03 OHP
6563 7173 I 16.97 0.04 OHP
7428 8145 B 18.56 0.06 OHP
7428 8145 V 17.90 0.03 OHP
7428 8145 I 17.06 0.04 OHP
10695 11264 V 18.31 0.05 Banon
64602 65506 B 22.05 0.08 T1M
64602 65506 V 21.11 0.07 T1M
64602 65506 I 20.34 0.09 T1M
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Table 3
R data
Tstart Tend Magnitude Error Reference
(sec) (sec)
91 92 18.54 0.68 TAROT
92 98 19.50 1.23 TAROT
98 104 18.12 0.50 TAROT
104 110 17.99 0.46 TAROT
110 116 18.07 0.49 TAROT
116 122 18.60 0.71 TAROT
122 128 19.37 1.14 TAROT
128 134 18.82 0.82 TAROT
134 140 17.63 0.35 TAROT
140 146 18.58 0.69 TAROT
146 151 18.54 0.68 TAROT
166 196 17.84 0.08 TAROT
211 241 16.90 0.08 TAROT
256 286 17.61 0.08 TAROT
301 331 18.09 0.08 TAROT
346 376 18.37 0.08 TAROT
680 770 14.87 0.08 TAROT
785 875 14.35 0.08 TAROT
890 980 14.12 0.08 TAROT
995 1085 14.02 0.08 TAROT
1100 1190 14.20 0.08 TAROT
1205 1295 14.28 0.08 TAROT
1340 1430 14.52 0.08 TAROT
1445 1535 14.53 0.08 TAROT
1550 1640 14.71 0.08 TAROT
1655 1745 14.79 0.08 TAROT
1761 1851 14.97 0.08 TAROT
1865 1955 15.07 0.08 TAROT
2212 2392 15.45 0.08 TAROT
2407 2587 15.66 0.08 TAROT
2602 2782 15.86 0.08 TAROT
2796 2976 15.83 0.08 TAROT
2992 3172 15.98 0.08 TAROT
3186 3366 16.13 0.08 TAROT
3409 3589 16.22 0.08 TAROT
3604 3784 16.14 0.08 TAROT
3798 3978 16.26 0.08 TAROT
3994 4174 16.39 0.08 TAROT
4188 4368 16.45 0.08 TAROT
4383 4563 16.66 0.08 TAROT
4589 4769 16.56 0.08 TAROT
4783 4963 16.56 0.08 TAROT
4979 5159 16.79 0.08 TAROT
5173 5353 16.68 0.08 TAROT
5368 5548 16.76 0.08 TAROT
5045 6141 16.95 0.03 OHP
5563 5743 16.94 0.08 TAROT
5785 5965 16.90 0.08 TAROT
5980 6160 17.06 0.08 TAROT
6174 6354 17.09 0.08 TAROT
6369 6549 17.10 0.08 TAROT
6564 6744 17.04 0.08 TAROT
6759 6939 17.21 0.08 TAROT
6563 7173 17.20 0.03 OHP
6970 7150 17.35 0.08 TAROT
7166 7346 17.28 0.08 TAROT
7360 7540 17.37 0.08 TAROT
7555 7735 17.53 0.08 TAROT
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2.2. High energy data
BAT We retrieved the BAT data of GRB
110205A from the Swift archive2. The event file
was processed with the latest available calibration
files in agreement with the documentation. The
task batbinevt was used to extract spectra and
light curves. The spectra were extracted in the
same time intervals than the TAROT bins, in or-
der to perform time resolved broad-band spectral
studies.
XRT We retrieved the XRT data of this event
from the Swift archive. The data were cali-
brated with the latest available calibration files
and screened using the standard filters (i.e. ap-
plying good time intervals, grades 0-2 for window
timing mode and 0-12 for photon counting mode).
The task xselect was then used to extract spectra
and light curves.
GRB 110205A is a very bright event. The XRT
observation strategy can deal with large fluxes,
but this burst was so bright that it induced pile-
up even in the window timing mode. In addition,
the XRT switched to the photon counting mode
while the count rate was still high, and thus the
initial part of the PC mode observation is also
heavily piled-up. We took this into account us-
ing the methods listed in Vaughan et al. (2006)
and Romano et al. (2006), and cut the inner part
of the extraction region where pile-up is more se-
vere. The task xrtmkarf was then used to gen-
erate the correct ancillary response files for the
spectral analysis. We incidentally note that this
is not reported in Cucchiara et al. (2011); as we
found strong differences in the X-ray data dur-
ing the prompt phase (see section 4) compared to
their work, where the pile-up is the more severe,
this fact may explain the discrepancies between
this work and Cucchiara et al. (2011). Like for
the BAT data, the spectra were extracted in the
same time intervals than the TAROT bins, in or-
der to perform time resolved broad-band spectral
studies.
2http://heasarc.nasa.gov/docs/swift/archive/
3. Data analysis
3.1. Temporal binning
For clarity, we defined several temporal bins
that allow a good referencing when analyzing the
data. These bins are listed in Table 4 and are
shown in Fig. 1. Some of these bins correspond
to a single optical data point while others are the
sum of several optical points. The last two bins
correspond to ”the late afterglow before the final
break” (bin 10) and ”the late afterglow after the
final break” (bin 11).
The optical light curve can be divided into two
parts. During the first six temporal bins (corre-
sponding to the first 360 seconds after the trig-
ger) the optical variations seem to be correlated
with the gamma-ray flux, we define this part as
the early optical light curve. The remaining bins
define the late optical light curve.
3.2. Optical data
3.2.1. Photometry methodology
CCD and filter spectral responses of each in-
strument are different. It was necessary to cali-
brate all images in standard system to obtain a
composite light curve.
Sextractor (Bertin & Arnouts 1996) was used
to extract fluxes of stars. Using a filter X (X be-
ing R or V), Sextractor gives the flux FX . The
conversion between fluxes and the magnitudes is
given by the following equations:
R = ZR + 2.5log(FR) + CR ∗ (V −R) (1)
V = ZV + 2.5log(FV ) + CV ∗ (V −R) (2)
ZR, ZV , CR and CV are calculated with stars of
known V and R magnitudes. To determine these
coefficients, we used the Loneos catalog published
as ”UBVRI photometry of faint field stars” (Skiff
2007). Loneos is based on Johnson-Cousins UB-
VRI photometry. As a consequence, the R, I colors
are calculated in the Cousins system.
3.2.2. The early optical light curve
Figure 1 shows a striking correlation of optical
and gamma–ray fluxes during the prompt phase.
A peak of maximum flux occurred about 210 s af-
ter the trigger. After the peak, the gamma-ray
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Table 3—Continued
Tstart Tend Magnitude Error Reference
(sec) (sec)
7428 8145 17.41 0.03 OHP
7750 7930 17.51 0.08 TAROT
7945 8125 17.59 0.08 TAROT
8150 8330 17.69 0.08 TAROT
8345 8525 17.72 0.08 TAROT
8539 8719 17.87 0.08 TAROT
8734 8914 17.82 0.08 TAROT
8929 9109 17.77 0.08 TAROT
9123 9303 17.92 0.08 TAROT
9346 9526 17.58 0.08 TAROT
9541 9721 17.98 0.08 TAROT
9736 9916 18.21 0.08 TAROT
9931 10111 18.04 0.08 TAROT
10126 10306 17.78 0.15 TAROT
10107 10675 17.85 0.06 Banon
10320 10500 17.87 0.15 TAROT
10525 10705 17.88 0.15 TAROT
10720 10900 17.96 0.15 TAROT
10915 11095 17.96 0.15 TAROT
11110 11290 17.88 0.15 TAROT
11305 11485 17.95 0.15 TAROT
11713 11893 17.98 0.15 TAROT
12298 12478 18.16 0.15 TAROT
12493 12673 18.13 0.15 TAROT
13105 13285 18.25 0.15 TAROT
64602 65506 20.83 0.07 T1M
146563 155125 23.15 0.31 T1M
335443 345074 24.91 0.69 T1M
429094 441848 25.45 0.38 T1M
Table 4
Temporal bins defined for the analysis.
Bin Start time End time
# (s) (s)
1 91.2 151.2
2 165.6 195.6
3 210.6 240.6
4 255.6 285.6
5 301.2 331.2
6 346.2 376.2
7 911 1873
8 5068 7651
9 10842 30740
10 31000 61000
11 61000 150000
8
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Fig. 1.— Panchromatic light curve of GRB 110205A. The BAT data are indicated as a light gray continuous
line. The XRT data are indicated by small plus symbols (with errors). The optical data are indicated by
purple circles (U band), blue stars (B band), green diamonds (V band), red circles (R band), and red stars (I
band). The JHK data during bin 9 are indicated as brown circles. The red (optical) and dark gray (X-ray)
lines are the best fit decay laws (see text for details). See the electronic version for colors.
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flux decay is steeper than the optical one. We at-
tribute this fact to the growing contribution of the
optical re-brightening that culminates later; in-
deed, subtracting the rising contribution of the op-
tical re-brightening (extrapolated backward) gives
an early optical light curve that closely follows the
high-energy one (see Fig. 2).
3.2.3. The late optical light curve fit and color
indexes
After 360 s, the optical flux rises and reaches a
maximum 1014 s after the trigger. Then, the flux
decreases continuously until the last observation
obtained 5 days after the trigger. We fit the R
band light curve using a smoothing spline fitting
curve described by Reinsch (1967) with a smooth
parameter value s=80. We find evidence of small
variations during the decay phase (see Fig. 1).
From the fit light curve, we computed the tem-
poral decay alpha (F ∝ t−α). Alpha decrease
from -5 to 0 until the maximum of light. Figure
3 shows the evolution of the decay index after the
re-brightening maximum. The 2 σ uncertainty is
represented by the shaded area. The continuous
evaluation of the decay index is obtained following
the method of Reinsch (1967). As one can see, the
value is fluctuating, with the presence of a possi-
ble plateau at 10 000 s. The mean decay indices
are α = 1.5 ± 0.5 from 1014 to 61000 s after the
trigger, and α = 2.2 ± 0.2 after. Due to small er-
ratic variations of the light curve, the break time
is not well determined with tb = 61000± 40000 s
after the trigger.
The light curve shows an achromatic behavior
when we plot UBVIJHK data against the R data.
The colors are reported in Table 5.
3.3. High energy data
3.3.1. The X-ray light curve
Figure 2 indicates a clear lack of correlation be-
tween the early X-ray light curve and the other two
bands. It is clear that the optical and gamma-ray
peak observed in the light curves is missing in X-
ray. Both bands decay after the maximum of this
peak while the X-ray light curve remains steady
for more than 50 seconds. This is a first hint that
something different is happening in X-ray com-
pared to the other bands.
100 150 200 250 300 350
14
15
16
17
18
19
20
21
R
 m
ag
ni
tu
de
time since GRB (seconds)
 BAT
 XRT
 TAROT
 UVOT − 1 mag
Fig. 2.— Comparison of the optical, XRT and
BAT light curves during the prompt phase. We
corrected the optical data for the underlying re-
brightening.
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m
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 (a
lph
a)
time since GRB (seconds)
bin7 bin8 bin9
bin10
bin11
Fig. 3.— Temporal decay indices of the optical
(red line) and X-ray (gray line) light curves in the
afterglow phase.
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Table 5
Color of the afterglow during temporal bin 9.
Color Value Error
U − R +0.80 0.11
B − R +1.00 0.12
V − R +0.46 0.14
R − I +0.45 0.15
R − J +1.60 0.13
R−H +2.48 0.13
R −K +3.20 0.13
The late X-ray light curve has been fit with
the same method than the optical one for easy
comparison. As can be seen in Fig. 3, the decay
index of the X-ray light curve follows the optical
one, with a difference that does not exceed 0.25.
After 105 s, the two light curves have the same
temporal variation and reach the same final value
α = 2.2. We finally note that the decay index
changes from ∼1.2 to ∼2.2 between bin 9 and bin
11.
3.3.2. High-energy spectra
High-energy spectra were fit with Xspec version
12.6.0 (Arnaud 1996). We ignored data below 0.3
keV for the XRT data, below 15.0 keV and above
150.0 keV for the BAT instruments. During the
prompt phase, both XRT and BAT recorded spec-
tra (except for bin 1, where only BAT data are
available). We started fitting both of them sepa-
rately with single power laws (PL), and found that
(i) strong spectral variability is present during the
prompt phase and the initial afterglow phase, and
(ii) for temporal bins 2–5 a spectral break is re-
quired between the XRT and BAT energy ranges.
We then used temporal bin 2 to define the
spectral model to be used for further analy-
sis, using both XRT and BAT data. We first
tried the model used by Sakamoto et al. (2011).
Sakamoto et al. (2011) perform a joint fit of the
gamma-ray spectrum measured by Swift/BAT
(15-150 keV) and Suzaku/WAM (100-3000 keV)
with a power law with exponential cutoff model,
and find α = 1.59 (-0.06/+0.07), and Epeak = 230
(-65/+135) keV (in the following we use the no-
tation Fν ∝ ν
−α). This shows that Epeak is above
the energy range of the BAT ; this is also the con-
clusion of Golenetskii et al. (2011) who find Epeak
= 222 keV. Because this value is above the BAT
range, we used a simple power law model to fit the
XRT and BAT data, completed by an extragalac-
tic absorption component let free to vary at the
GRB redshift and a galactic absorption compo-
nent fixed to the galactic value (1.61× 1020 cm−2
Dickey & Lockman 1990). This model is rejected
with a large reduced χ2ν (χ
2
ν = 2.60, 265 d.o.f.).
The poorness of the fit shows that a model that
correctly fits the spectrum at high energies cannot
be extrapolated to the energy range of the XRT,
without introducing an additional spectral break
in the energy range covered by XRT and BAT.
Then, we checked whether the data could be
fit with an absorbed broken power law. This fit
provides a significant improvement over a simple
power law, with χ2ν = 1.19, 263 d.o.f. The resid-
uals of the broken PL fit still show a systematic
trend (with an excess at low energy) suggesting
that the break is too sharp. Considering that the
synchrotron emission is made of segments of power
law, with no indication of the sharpness of the
breaks, we tried to simulate a smooth break us-
ing a double broken power law model (this is valid
only if the transition between the different seg-
ments remains in a small energy range). This im-
proves the fit significantly, leading to χ2ν = 1.12,
261 d.o.f. (FTest null hypothesis probability of
1.3 × 10−4). This fit gives a low energy spectral
slope α1 = −0.35±0.14 below 2.8 keV and a spec-
tral slope α2 = 0.87±0.06 above 9 keV. The tran-
sition between these two power laws occurs in a
small energy range, thus validating our hypothesis
of a smooth break. It is tempting to attribute this
smooth transition to one of the characteristic fre-
quencies νm or νc. During the prompt phase GRBs
must be in the fast cooling regime with νm > νc,
and the spectral slope below νc is expected to be
11
α1 = −0.33.
We have thus tried to fit jointly the XRT and
the BAT data during the prompt phase (bins 1
to 6) with a double broken power law and the low
energy spectral index frozen at -0.33. We assumed
that the extragalactic absorption component does
not vary during the whole observation (a separate
fit to the XRT data alone indicates this hypothesis
to be correct within the errors of the fit). This
model gives an acceptable fit (χ2ν = 1.07, 1064
d.o.f.), and would explain the non-correlation of
the X-ray and gamma-ray bands as a variability of
the break energies; we report its results in Table
6.
Incidentally, we note that this burst would have
been classified as an X-ray Rich burst because of
its hardness ratio.
Last, starting from bin 7, we do not have BAT
data anymore, and used a simple power law ab-
sorbed by our galaxy and the host galaxy. The
fit is good (χ2ν = 1.00, 79 d.o.f.); we report these
results in Table 6.
With Eiso ∼ 4 × 10
53 erg, and Liso ∼ 2 × 10
52
erg s−1, GRB 110205A is a bright burst, but not
exceptional. We have checked that it follows the
Ep - Eiso relation (Amati et al. 2009) and the Ep -
Liso relation (Yonetoku et al. 2010), stressing that
we are dealing with a standard GRB.
3.4. Colors and SED
We extracted the optical Spectral Energy Dis-
tribution (SED) in filters BVR and UBVRIJHK
for the temporal bins 7 and 9 respectively, and
added the X-ray information using the 2-10 keV
flux spectra extracted at the same mean epochs.
We corrected the optical data only for the Galac-
tic dust extinction towards the direction of this
burst (E(B-V)=0.015, Schlegel et al. 1998). In
X-ray, the absorption was fixed to the value ob-
tained from the spectral analysis (see previous sec-
tion and Table 6) and the flux corrected accord-
ingly.
We first assumed a simple power law model
with the spectral index fixed at the X-ray best
fit value (allowed to vary within 1 σ only), and
a Milky Way (MW hereafter) or a Small Magel-
lanic Cloud (SMC) -like dust extinction compo-
nent. We find for both bin 7 and 9 a null rest
frame visual extinction. The best fit spectral in-
dex is βox = 0.84± 0.04 (χ
2
ν=1.23, 39 d.o.f.) and
βox > 0.9 (χ
2
ν = 2.9, 22 d.o.f.) for bins 7 and
9 respectively. Removing the constraint on the
spectral index parameter (i.e. letting it free to
vary), the fit to bin 7 does not improve, regard-
less of the dust extinction laws used. In fact, this
model under predicts the optical flux (see Fig.
4, left panel). On the other hand, relaxing the
same constraint in bin 9 improves the fit, and the
model can marginally fit the data. In that latter
case, the best fit parameters are βox = 1.03± 0.10
(marginally compatible with the X-ray), and a rest
frame visual dust extinction AV,rest of 0.27± 0.10
mag (MW hypothesis) or 0.14 ± 0.10 mag (SMC
hypothesis). The reduced chi square remains how-
ever high: χ2ν = 1.4, 22 d.o.f.
We then tried a broken power law model, fixing
the high energy spectral index to the best fit X-ray
value, but allowing now a spectral break between
optical and X-ray (with the low energy spectral
index value fixed to βo = βX − 0.5). For the bin
7 SED, this model cannot fit the data, with a re-
duced χ2ν of 3.2 with 39 degrees of freedom. For
the bin 9 data set, on the contrary, we obtain a
good description of the data, with some improve-
ments assuming a SMC rather than a MW extinc-
tion curve. The best fit rest frame visual dust
extinction is 0.19 ± 0.10 mag, while the spectral
break is found at (5.4±2.6)×1015 Hz (0.016-0.033
keV; χ2ν = 0.91, 22 d.o.f., see Fig. 4 right panel).
4. The prompt emission
In this section we discuss the interpretation of
the main observational features of the prompt
emission of GRB 110205A within the simple
framework of the internal/external shock model
with synchrotron emission:
• The existence of two spectral breaks: a
smooth one at few keV and a high-energy
one ∼ 220 keV (see Sec. 3.3.2)
• The good correlation between visible and
gamma-ray light-curves
• The lack of correlation between X-ray and
gamma-ray light-curves
• The overall SED, from visible to gamma-rays
We first note that the extrapolation of our
high-energy model (constructed in section 3.3.2)
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Table 6
Result of the spectral analysis.
Segment Extragalactic Single Double broken power law
NH power law Break 1 intermediate Break 2 High-energy
(1022 cm−2) spectral energy spectral energy spectral
index (keV) index (keV) index
1 (1.0± 0.2) — [2] [0.0] [5] (0.83± 0.03)
2 (1.0± 0.2) — 2.9± 0.5 0.2± 0.2 8.3+1.5
−1.1 (0.83± 0.03)
3 (1.0± 0.2) — 3.0± 0.3 0.42± 0.04 39± 10 (0.83± 0.03)
4 (1.0± 0.2) — 1.1± 0.2 0.3± 0.1 4.0+0.8
−0.7 (0.83± 0.03)
5 (1.0± 0.2) — 0.6± 0.2 0.58± 0.07 6+8
−3
(0.83± 0.03)
6 (1.0± 0.2) — < 0.60 0.67± 0.06 [10] (0.83± 0.03)
7 (< 0.48) 0.7± 0.2 — — — —
8 (< 0.48) 1.0± 0.2 — — — —
9 (< 0.48) 1.2± 0.2 — — — —
Note.—We are reporting the energy spectral indices. The temporal segments are defined in Sec 3.1.
The low energy double broken power law spectral index is fixed to -0.33 for all segments. Segments
1-6 and 7-9 were fit altogether. Number between parentheses have been tied together during the
fit, numbers between square parentheses have been fixed. The low energy and intermediate energy
parameters of the first segment are unknown because no XRT data are available at that time: they
were fixed to ad hoc values. During segment 6, XRT and BAT are fitted by single power laws with
compatible indices and the break2 is not required; we have fixed it to 10.0 keV for fitting convergence.
Fig. 4.— SED extracted during temporal bins 7 and 9. The red dashed lines indicate the best fit power
law model based on X-ray data alone. The solid black line indicate the best fit model based on X-ray and
optical data, taking into account optical extinction. See Sect. 3.4 for fit details.
13
severely under predicts the optical flux (Fig. 5),
in apparent contradiction with the remarkable cor-
relation of the visible and gamma-ray light-curves.
The optical fluxes used here are corrected for the
following reverse shock and forward shock emis-
sion (see next sections) by subtracting these con-
tributions. Note that according to this, the bin 6
prompt optical flux is equal to zero.
After the detection of GRB 080319B, the
”naked-eye” burst, people have studied models
that can explain a bright visible emission corre-
lated with the prompt gamma-ray light-curve. For
instance Fan et al. (2009); Beskin et al. (2010);
Hascoe¨t et al. (2011) have done so, but additional
studies will be required to check whether these
models apply to GRB 110205A as well. Mak-
ing a global fit on the optical and gamma-ray
data only, using a broken power law extincted by
our galaxy and the host galaxy (using the infor-
mation obtained from the afterglow SED for the
host optical extinction), we obtain a very good
fit with χ2ν = 1.02, 335 d.o.f (with the low-energy
spectral index fixed to = −0.33), like previously
observed in other GRBs (Vestrand et al. 2005,
2006). This model is however strongly rejected
(with a χ2ν = 2.79), when X-ray data are consid-
ered, stressing the importance of keV to sub-keV
energies during the prompt phase for the correct
interpretation of GRB spectra. More puzzling, in
bins 2-4 the optical–gamma-ray model clearly over
predicts the X-ray flux and in other cases (bins 5)
under predicts it.
The lack of correlation between the XRT and
BAT light-curves (Fig. 2) is another puzzling
feature of GRB 110205A. In the context of syn-
chrotron emission, it could be explained by the
synchrotron frequency crossing the energy range
of the XRT, this is however an ad’hoc assump-
tion that would not explain how the optical emis-
sion could be correlated to the gamma-ray one,
and it is probably more natural to invoke an ad-
ditional component superimposed on top of the
prompt emission (e.g. photospheric emission, re-
freshed shocks or a two-component jet).
In short, the internal/external shock model
with synchrotron radiation in its simplest ver-
sion cannot account for the prompt emission of
GRB 110205A, especially the SED and the lack
of correlation between the prompt X-ray and
gamma-ray light-curves. Possible ways out of this
problem may involve additional radiating regions
or additional radiation mechanisms or both. The
data at hand do not allow us to distinguish be-
tween these possibilities.
We note that it is the combination of the bright-
ness and large duration of this burst which allowed
the detection of its prompt emission simultane-
ously in the optical, X-ray and gamma-ray bands,
and the detailed analysis of the SED of the prompt
phase.
Last, as noted by e.g. Gendre et al. (2009), the
prompt optical emission was usually observed as
either a faint erratic emission or a bright and large
single flare. It is now possible, due to these ob-
servations, to point out that only the faint er-
ratic emission is indeed related to the internal
shock (i.e. a prompt signal in the standard fireball
framework). The large and bright re-brightening
is related to the reverse shock. If this can be gen-
eralized to all GRBs, then only the faint signal
tracing the prompt gamma-ray light curve should
be called the prompt optical emission, the other
being the reverse shock optical emission.
5. Burst geometry, ejecta properties and
surrounding medium properties
5.1. Presence of a possible jet
The late afterglow light curve (during temporal
bin 11) presents a steepening seen in X-ray and in
optical, with an asymptotical value of ∼2.2. In the
standard fireball model, this achromatic steepen-
ing is the signature of a decelerated jet (Rhoads
1997). In such a case, the decay index after the
break gives directly the value of p, we thus have
p=2.2 ± 0.2. The date of the jet break, about
61000 s after the trigger, is not unusual.
5.2. Ejecta properties
The typical times defining the evolution of GRB
emission are the duration of the prompt emission,
hereafter tγ , the time of deceleration tdec, and the
time of the jet break tb. GRB 110205A is clearly
in the thin shell configuration with tγ<tdec, allow-
ing to separate the prompt GRB from its afterglow
and to measure tγ and tdec precisely: tγ=120 sec
(using the total duration of signal visibility within
the BAT and not t90), and tdec=315 sec, both in
the source frame. We have also seen in section
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Fig. 5.— Left Panel: Best fit model (indicated in Table 6) using only the X-ray and the BAT data ex-
trapolated down to the optical band. Right Panel: Best fit model using only the optical and BAT data
extrapolated in the X-ray band. For both panels, bins 1 to 6 are drawn from top to bottom (and in black,
red, blue, green, purple and cyan respectively) with an arbitrary offset. Error bars have been omitted for
clarity in the BAT and XRT bands. The size of the error bars in optical is similar to the symbol size. The
optical point 6 has, by construction, a null flux. See the electronic version for colors.
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3.2.3 that tb∼19000 sec, again in the source frame.
In the standard model the deceleration time (in
the source frame) is given by Eq. 3 where E52 is
the energy released by the GRB in units of 1052
erg, n1 is the density of the surrounding medium
in proton/cm3, z is the redshift, Γ300 is the Lorentz
factor normalized to 300. The break time is given
by Eq. 4 (Sari et al. 1999), where θ is the opening
angle of the jet in radian.
tdec = 2.71 E
1/3
52 n
−1/3
1 Γ
−8/3
300 s (3)
tb = 1.04× 10
7 E
1/3
52 n
−1/3
1 θ
8/3s (4)
Interestingly, the standard fireball scenario pre-
dicts that the ratio of these two times, given by Eq.
5, depends only on the Lorentz factor and on the
opening angle of the jet. Considering the values
measured for GRB 110205A (see next sections),
we get tb/tdec ∼ 60, leading to (Γ300 θ) ∼ 0.016,
suggesting that GRB 110205A had a small Lorentz
factor and a strong beaming (Γ ∼ 110 and θ ∼ 2.5◦
for instance).
tb/tdec = 3.8× 10
6 (Γ300 θ)
8/3 (5)
5.3. The surrounding medium
We define the late afterglow as the period last-
ing from temporal bin 9 to bin 10. In this part,
we do observe a ”simple” afterglow, which we at-
tribute to the forward shock, and we can use the
closure relations (Chevalier et al. 2004; Sari et al.
1998; Rhoads 1997) to check for the medium ge-
ometry (see Gendre et al. 2007, for a list of the
closure relation used). We used the X-ray and op-
tical data of the temporal bin 9 for this purpose.
The closure relations applied to the optical data
are not in agreement with a fast cooling (with νc <
νm). We thus have the classical ordering νm < νc
of the slow cooling. We know from the SED (see
Sec. 3.4) that a spectral break lies between the
optical and the X-ray band. The closure relations
imply that this is the cooling break. We thus have
during the temporal bin 9:
νm ≤ νopt < νc < νX (6)
In such a case, however, X-ray data do not allow
to decide between the ISM and the wind medium.
The optical data could allow to discriminate them,
but due to the large error bars both solutions are
compatible with the data within 3σ. Thus, we
cannot conclude from the closure relations alone
the type of medium surrounding the burst.
In an ISM case, the cooling frequency decreases
as t−0.5 and would have crossed the X-ray band
(assuming the value derived in Sec. 3.4) about
50 seconds after the trigger, i.e. before the start
of the XRT observation. Conversely, in a wind
case, the cooling frequency would start crossing
the X-ray band 1.9 × 106 seconds after the trig-
ger (assuming no jet effect), not observable by the
XRT. It is thus impossible to conclude on the sur-
rounding medium. It is however known that usu-
ally an ISM medium fit the data better (see e.g.
Gendre et al. 2007). In the following, we will use
this hypothesis.
6. Modeling the afterglow
The previous considerations set general con-
straints on the fireball (energy, Lorentz factor,
jet opening angle), and we can now try to model
the afterglow observations. In the standard af-
terglow model, only two mechanisms can explain
the strong optical re-brightening observed between
temporal bins 6 and 8: the start of the afterglow
or the reverse shock.
Assuming the re-brightening to be the start of
the afterglow, like in Molinari et al. (2007), the
maximum of the emission is emitted at the decel-
eration radius. In such a case the initial Lorentz
factor of the fireball, Γ has to be low (of the order
of 100) to have a deceleration time in agreement
with the peak time. However, the optical decay
index of the optical emission after the peak of the
afterglow is either 0.25 or (3p − 2)/4 (∼ 1.15 for
p=2.2) (Sari et al. 1998; Sari & Piran 1999). This
is not in agreement with the data.
The second solution explains the optical re-
brightening with the reverse shock. This is bet-
ter supported from the data, as the SED during
the temporal bin 7 implies the presence of an ad-
ditional component in optical (see Sec. 3.4). Ac-
cording to Kobayashi (2000), in the thin shell con-
figuration and slow cooling, the light-curve of the
reverse shock has a characteristic evolution, rising
like t5, and decaying like t−2 (for p=2.2) when
the observed frequency falls between νm and νc.
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This is precisely the evolution of the optical light-
curve in the interval 300-5000 sec, strengthening
the reverse shock interpretation. This interpre-
tation also provides a natural explanation of the
small (flatter) transition phase near the bin 8, due
to the transition between the reverse and the for-
ward shocks.
We can now use the observed value tdec = 315
s in the source frame to estimate the parameters
of the jet. If we consider a surrounding medium
of constant density n = 0.1 cm−3, and an energy
release E0 = 145 × 10
52 erg (considering Eiso=
4.34 1053 erg and assuming 30% radiating effi-
ciency), we get Γ = 125, again suggesting a rather
low Lorentz factor.
The situation in the X-ray band during the re-
brightening is also complex. We do not expect the
reverse shock to be visible in X-rays. However, two
features cannot be explained straightforwardly by
the forward or the reverse shocks. First, the large
spectral variations between the temporal bin 6 to
9, and second a bright X-ray flare peaking at about
600 seconds. For the former discrepancy, we may
observe the transition between central engine ac-
tivity and the classical afterglow. For the latter,
we note that other GRBs with a strong delayed
optical re-brightening display nearly simultaneous
X-ray flares, this is the case of GRB 060418 and
GRB 060607A (Molinari et al. 2007), and more
recently GRB 100219A(Mao et al. 2011). Within
the framework of the fireball model, X-ray flares
superimposed on the afterglow are interpreted as
late activity of the central engine. Late central en-
gine activity could also explain the slope of the X-
ray spectrum immediately after the flare, βX = 0.7
during bin 7, which is equal to the slope measured
during the prompt phase (Table 6). Finally the
duration of the X-ray flare T∼250 seconds is com-
parable with the duration ⁀9 of the prompt phase,
also suggesting that delayed activity of the cen-
tral engine is continuing at that time, and dom-
inates the X-ray light-curve. One issue with this
assumption is that it provides no explanation for
the similarity of the temporal decay in X-rays and
visible shown in Fig. 3.
We can then complete our model description.
We assume that the emission in bin 9 is com-
pletely dominated by the forward shock, that the
visible emission in bin 7 is dominated by the re-
verse shock, and that the X-ray emission in bin 7
is dominated by the prompt. In order to repro-
duce the observations, we have to consider differ-
ent microphysics parameters for the reverse shock
and forward shock, which is compatible with the
fireball model (Mochkovitch, priv. communica-
tion). We assume a surrounding medium of con-
stant density n = 0.1 cm−3 and an energy release
E0 = 145× 10
52. This leads to jet opening angle
of θj ∼ 2.1
◦ (Frail et al. 2001). The total energy
release is thus 4.9 × 1050 erg. We take into ac-
count the value of the cooling frequency between
1015 and 1016 Hz during bin 9, and an early tran-
sition from fast to slow cooling. Using the above
parameters, the fireball model can reproduce the
complete set of data, if we chose p = 2.2 and the
following microphysics parameters: ǫe,f = 10
−2
and ǫB,f = 8 × 10
−3 for the forward shock, and
ǫe,r = 10
−2 and ǫB,r = 10
−1 for the reverse shock
(ǫe and ǫB being respectively the fractions of en-
ergy going into the electrons and the magnetic
field). We list the model parameters and its main
predictions in Table 7. We stress that this is not a
unique fit, and that other sets of parameter values
could also reproduce the data, the density in par-
ticular is almost a free parameter in our modeling
(for instance a similar fit can be obtained for n1 =
10−2 cm−3, with ǫe,f = 10
−2 ; ǫB,f = 3 × 10
−2
for the forward shock, and ǫe,r = 2 × 10
−2 ;
ǫB,r = 2 × 10
−1 for the reverse shock). The val-
ues of ǫB for the reverse and forward shocks, lead
to RB =
√
ǫB,r
ǫB,f
= 3.5. RB > 1 is in agree-
ment with the analysis of Gao (2011), and with
the suggestion of Zhang et al. (2003) that bright
optical flashes of reverse shock origin require re-
verse shocks which are more magnetized than the
forward shock. In the following of the paper, we
use the values listed in Table 7.
While this paper was in preparation, Cucchiara et al.
(2011), Gao (2011) and Zheng et al. (2011) pub-
lished other studies of GRB 110205A. While our
results basically agree with those of Zheng et al.
(2011) and Gao (2011), they differ from Cucchiara et al.
(2011) since in our model the optical flux around
the maximum of the re-brightening (at tdec) is
largely dominated by the reverse shock, while we
found that it is dominated by the forward shock
with the parameters chosen by Cucchiara et al.
(2011; these parameters are Γ0 = 200 , p = -
2.9 , νm,f = 1.2 × 10
15 Hz , νm,r = νm,f/Γ
2
0 ,
Fνmax,r = Fνmax,f × Γ0, in a slow cooling regime
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leading to Ff/Fr ∼ 30 at tdec in the R band).
GRB 110205A is one of the few GRBs with a
bright visible re-brightening rising after a few hun-
dred seconds. Such bright optical re-brightenings
are often attributed to the emission of the shocked
ejecta when it encounters the surrounding medium
(reverse shock). We can use this observation to
discuss the conditions for the existence of bright
optical re-brightenings (and their absence in the
majority of GRBs, Klotz et al. 2009a). In our
model we find that the reverse shock can domi-
nate the visible emission of the forward shock if
the microphysics parameter ǫB is larger in the re-
verse shock. In order to observe a well defined
re-brightening, the fireball must also be in thin
shell model implying a not too high Lorentz fac-
tor. We may thus speculate that GRBs that do
not show bright optical re-brightenings rising af-
ter the end of the prompt emission are either in
the thick shell condition with a high Lorentz fac-
tor, or they have similar microphysics parameters
in the forward and reverse shocks.
In conclusion our interpretation favors a model
in which bin 7 is dominated by the emission from
the jet : the reverse shock with a smooth light-
curve at optical wavelength and spiky residual
prompt activity in X-rays. Bin 9, on the con-
trary, is dominated by the emission from the for-
ward shock, with a cooling frequency between the
optical and X-ray frequencies.
7. Conclusions
We have presented the data of the Swift burst
GRB 110205A taken in optical with several French
facilities ranging from 0.25 m up to 1m. This burst
is one of the best observed gamma-ray bursts, and
quite remarkably, the data show the various radi-
ation features expected in the fireball model:
• The prompt phase, seen from high energy to
the optical band;
• The reverse chock, seen in optical and well
separated from the internal shocks;
• The classic forward shock, seen in optical, in
near-infrared and in X-rays;
• The jet break and post-jet break light curve.
Regarding the interpretation of the very rich
data set available on GRB 110205A, we tried
modeling the observations within the framework
of the classic fireball model. Quite surprisingly,
the model is able to explain most features of
GRB 110205A without requiring fine tuning of the
parameters or additive hypotheses. If ”archetype
GRBs” exist, GRB 110205A is certainly one of
them. While, we do not have the innocence to
believe that the fireball model can explain every
single GRB, one of its successes is that it is able
to explain so many features of GRB 110205A. One
issue concerns the interpretation of the prompt
emission that is not straightforward within the
standard model. We have shown that X-ray data
are crucial in the analysis of the prompt spectrum,
justifying special efforts to measure the broadband
high-energy spectrum of GRBs from below 1 keV
to above 1 MeV.
The two missing components in the observing
campaign of GRB 110205A, namely the supernova
signature about 2-3 weeks after the burst and the
host galaxy contribution, were too faint to be ob-
servable with the instruments we had in hand.
This is already one of the lessons GRB 110205A
is teaching us: good GRB follow-up must start
within seconds with small diameter telescopes, it
must continue without interruption for at least
a few hours (TAROT lost the rise between the
prompt phase and the maximum of the reverse
shock) with very good temporal sampling, and it
must be followed by a one-month survey on a 4-
meter telescope (or larger) dedicated to this work.
It would also be interesting to observe the field
with large facilities in order to gather informations
on the host galaxy of this burst. We already know
that the dust model that best fits the data is a
Small Magellanic Cloud model.
During the prompt phase, we have observed
a strong correlation between the optical and the
BAT light curves. This leads to another of the
main conclusion of this paper: we have now
reached the limit of the current instrumentation
on robotic telescopes. The trailed image is specific
to the TAROT project. This feature has shown
here (see also Klotz et al. (2008a)) its power to
study the correlation between optical and high en-
ergy light curves. We are however lacking spectral
information that would have strongly constrained
the nature of the optical emission. Observations
with a prism or a similar instrument would help
here.
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Table 7
Parameters of the model that correctly fits the observed light curves and spectra.
Predicted values are obtained from Frail et al. (2001), Sari et al. (1998), Piran (2004),
and Kobayashi (2003)
Parameter Hypothesis value Predicted value
E0 145 × 10
52 ergs —
n1 0.1 —
p 2.2 —
ǫe forward shock 0.01 —
ǫB forward shock 0.008 —
ǫe reverse shock 0.01 —
ǫB reverse shock 0.1 —
Θj — 2.1
◦
Eγ — 4.9× 10
50 erg
Γ — 125
νm bin 9 — 1.3× 10
12 Hz
νc bin 9 — 3.9× 10
15 Hz
Fν,max reverse shock (R band) — 10.3 mJy
Fν forward shock bin 9 (R band) — 0.5 mJy
We finally note that a pure Band law cannot
fit the high-energy spectral data, which require at
least an additional break in the hard X-ray range.
Even if the Band law is empirical, it has been fairly
good at reproducing the data up to now. This
non-agreement is tricky and again should be in-
vestigated in line with the other properties of this
burst: if we consider GRB 110205A as an archety-
pal GRB, this observation could indicate that the
standard modeling of the prompt emission, with
the Band function or simpler functions, is not ap-
propriate to describe the true spectral shape of
GRBs, when it is measured from below 1 eV to
above 100 keV.
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